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EXON GHQVLW\ DQG GUDLQDELOLW\ FDSDFLW\ ZHUH HYDOXDWHG WR GHILQH YROXPHWULF DQG IXQFWLRQDO FKDUDFWHULVWLFV 7KH UHVXOW RI WKLV
LQYHVWLJDWLRQ SURYLGHG XVHIXO LQIRUPDWLRQ DERXW WKH HIIHFWLYHQHVV RI ODERUDWRU\ FRPSDFWLRQ WR DFKLHYH WKH RSWLPDO VWUHQJWK
GUDLQDELOLW\ EDODQFH DGHTXDWH IRU WKH GLIIHUHQW XUEDQ XVHV0RUHRYHU WKLV VWXG\ LGHQWLILHG WKH VXLWDEOH DGPL[WXUHV ZLWK WKH
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RI WKH VRLO WKH UHFKDUJHRI WKHJURXQGZDWHUZLWK WKHFRQVHTXHQWEHQHILWV IRU WKHZDWHUEDVLQVDQG WKHJURZWKRI
YHJHWDWLRQDQGWUHHV7KHHYDSR±WUDQVSLUDWLRQDQGWKHFOHDUFRORXURIWKHPDWHULDODOORZVWRORZHUWKHSDYHPHQWVXUIDFH










+RZHYHU WKLV UHFRPPHQGHG DQG LQQRYDWLYHPDWHULDO LV VWLOO ODFNLQJ RI ULJRURXV VWDQGDUGV IRU IDEULFDWLRQ DQG
FRQVWUXFWLRQ)HZLQWHUQDWLRQDOVWDQGDUGVKDYHEHHQSXEOLVKHGIRUHYDOXDWLQJWKHSURSHUWLHVRILQVLWXDQGODERUDWRU\
PDGHSHUYLRXVFRQFUHWHEHVLGHOLWWOHUHFRPPHQGDWLRQVDUHSURYLGHGIRUOD\LQJDQGFRPSDFWLRQSURFHGXUHV7KHPDLQ




RQSHUYLRXVFRQFUHWHSHUIRUPDQFHV LQRUGHU WRDFKLHYH WKHRSWLPDOEDODQFHEHWZHHQVWUHQJWKDQGSHUPHDELOLW\ IRU
GLIIHUHQWXUEDQDSSOLFDWLRQV
0DWHULDODQG0HWKRGV
3HUYLRXV FRQFUHWH LV FRPSRVHGE\ DQRSHQJUDGHG DJJUHJDWH FXUYHZLWK IHZRU QR ILQHV WKDW FUHDWHV D SRURXV
FRQFUHWHPDWUL[ZLWKJUHDWSHUPHDELOLW\SURSHUWLHV7KHW\SLFDOYRLGUDQJHLVEHWZHHQDQG>@7KHGHQVH









2.1. Specimen preparation 
7KHPL[HVZHUHPDGHLQODERUDWRU\XVLQJDFRPPRQPHFKDQLFDOPL[LQJGUXP7KHUHDG\PL[HGSHUYLRXVFRQFUHWH
ZDVLPPHGLDWHO\FRPSDFWHGXVLQJD0DUVKDOOFRPSDFWRUDSSDUDWXVDFFRUGLQJWRWKHVWDQGDUG(17KHUHDUH
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DURXQGPPKHLJKWF\OLQGULFDO VSHFLPHQVZHUHEXLOW IRU WKH ODERUDWRU\ WHVWV6SHFLPHQFXUHGVHYHQGD\VXQGHU
FRQWUROOHGKXPLGLW\DQGWHPSHUDWXUHFRQGLWLRQV





SDUWLFXODU LQ WKHSUHVHQW VWXG\ZHUHFRQVLGHUHGSRO\SURS\OHQH ILEUHV ) OHQJWKPPSRO\ROHILQ ILEUHV )
OHQJWK PP SRO\SURS\OHQHSRO\HWK\OHQH ILEUHV ) OHQJWK PP DQG ) OHQJWK PP DQG KLJKWHQDFLW\
SRO\SURS\OHQHILEUHV)OHQJWKPP
7KH ILEUHV ZLWK VWUXFWXUDO IXQFWLRQ ) DQG ) FRPSRVHG E\ DPRQRILODPHQW UHVSHFWLYHO\ RI SRO\ROHILQ DQG
SRO\SURS\OHQHSRO\PHUVZHUHVXSSRVHGWRPHFKDQLFDOO\FRQWULEXWHDIWHUILVVXULQJZKLOHQRQVWUXFWXUDOILEUHVZHUH




















FRQVLGHUHGYRLGFRQWHQW 9&DFFRUGLQJ WR$670'0±DQGGUDLQDELOLW\ N IROORZLQJ WKH VWDQGDUG(1
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UHSUHVHQWHG D VSHFLILF PL[ ZLWK D SDUWLFXODU FRPSDFWLRQ HQHUJ\ WKDW DFFRPSOLVKHG WKH DFFHSWDELOLW\ OLPLWDWLRQV









WKDQ0DUVKDOO FRPSDFWLRQEORZV ,Q OLJKW WUDIILF URDGV DV VXPPDUL]HG LQ7DEOHF DQGG WKH HFRORJLFDO
DVSHFWVZHUHPRUHLPSRUWDQWWKDQPHFKDQLFDOSURSHUWLHV&RQVHTXHQWO\WRHQKDQFHGUDLQDELOLW\OLJKWHUFRPSDFWLRQ
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ZDVVXJJHVWHGDQGILEUHW\SH)ZDVJHQHUDOO\SUHIHUDEOHZLWKUHVSHFWWR)DVZHOODVORZHUVDQGFRQWHQW,QJHQHUDO


















HFRORJLFDO QHHGV RI WKH HQYLURQPHQW ,W GRHV QRW H[LVW DQ RSWLPDO PL[ LQ DEVROXWH WHUPV DQG GHVLJQ KDV WR EH
FRPSUHKHQVLYH RI D VWXG\RQ FRPSDFWLRQ HQHUJ\$ ILHOG VWXG\ IRU WKHGHILQLWLRQRI WKH FRUUHVSRQGHQFHEHWZHHQ
ODERUDWRU\DQGLQVLWXFRPSDFWLRQLVVXJJHVWHGIRUIXWXUHGHYHORSPHQWVRIWKLVUHVHDUFK
$FNQRZOHGJHPHQWV




























    
    
    
    




































    
    
    

































    
    
    
    
    





































    
    








1573 Alessandra Bonicelli et al. /  Procedia Engineering  161 ( 2016 )  1568 – 1573 
5HIHUHQFHV
>@/+DVHOEDFK0%R\HU -7.HYHUQ96FKDHIHU&\FOLF KHDW LVODQG LPSDFWV RQ WUDGLWLRQDO YHUVXV SHUYLRXV FRQFUHWH SDYHPHQW V\VWHPV
7UDQVSRUWDWLRQ5HVHDUFK5HFRUG-RXUQDORIWKH7UDQVSRUWDWLRQ5HVHDUFK%RDUG:DVKLQJWRQ'&1R
>@%7LDQ</LX.1LX6/L-;LH/;LQMXQ0$6&(5HGXFWLRQRI7LUH3DYHPHQW1RLVHE\3RURXV&RQFUHWH3DYHPHQW-RXUQDORI
0DWHULDOVLQ&LYLO(QJLQHHULQJ
>@/+DVHOEDFK&3RRU-7LOVRQ'LVVROYHG]LQFDQGFRSSHUUHWHQWLRQIURPVWRUPZDWHUUXQRIILQRUGLQDU\SRUWODQGFHPHQWSHUYLRXVFRQFUHWH
&RQVWUXFWLRQDQG%XLOGLQJ0DWHULDOV±
>@66KHQ0%XUWRQ%-REVRQ/+DVHOEDFK3HUYLRXVFRQFUHWHZLWKWLWDQLXPGLR[LGHDVDSKRWRFDWDO\VWFRPSRXQGIRUDJUHHQHUXUEDQURDG
HQYLURQPHQW&RQVWUXFWLRQDQG%XLOGLQJ0DWHULDOV±
>@$&,&RPPLWWHH5HSRUWRQ3HUYLRXV&RQFUHWHFKDSWHU3HUYLRXVFRQFUHWHPL[WXUHSURSRUWLRQLQJS
>@$%RQLFHOOL0&ULVSLQR)*LXVWR]]L06KLQN/DERUDWRU\DQDO\VLVIRULQYHVWLJDWLQJWKHLPSDFWRIFRPSDFWLRQRQWKHSURSHUWLHVRISHUYLRXV
FRQFUHWHPL[WXUHVIRUURDGSDYHPHQWV$GYDQFHG0DWHULDOV5HVHDUFK9RO
>@%-3XWPDQ$,1HSWXQH&RPSDULVRQRIWHVWVSHFLPHQSUHSDUDWLRQWHFKQLTXHVIRUSHUYLRXVFRQFUHWHSDYHPHQWV&RQVWUXFWLRQDQG%XLOGLQJV
0DWHULDOV9RO
>@$%RQLFHOOL0&ULVSLQR)*LXVWR]]L0%RUVD,QYHVWLJDWLRQRQWKHIXQFWLRQDODQGPHFKDQLFDOSHUIRUPDQFHRIGLIIHUHQWLDOO\FRPSDFWHG
SHUYLRXVFRQFUHWHIRUURDGSDYHPHQWV´6XVWDLQDELOLW\(FRHIILFLHQF\DQG&RQVHUYDWLRQLQ7UDQVSRUWDWLRQ,QIUDVWUXFWXUH$VVHW0DQDJHPHQW

>@-7.HYHUQ956FKDHIHU.:DQJ3:LHJDQG'XUDELOLW\RIDQHZJHQHUDWLRQSHUYLRXVFRQFUHWHPL[WXUHVGHVLJQHGIRUURDGZD\DSSOLFDWLRQV
)+:$,QWHUQDWLRQDO&RQIHUHQFHRQVXVWDLQDEOHFRQFUHWHSDYHPHQWV
>@.:DQJ96FKDHIHU-7.HYHUQ076XOHLPDQ'HYHORSPHQWRI0L[3URSRUWLRQIRU)XQFWLRQDODQG'XUDEOH3HUYLRXV&RQFUHWH150&$
&RQFUHWH7HFKQRORJ\)RUXP)RFXVRQ3HUYLRXV&RQFUHWH1DVKYLOOH71
>@$%RQLFHOOL)*LXVWR]]L0&ULVSLQR0%RUVD(YDOXDWLQJWKHHIIHFWRIUHLQIRUFLQJILEUHVRQSHUYLRXVFRQFUHWHYROXPHWULFDQGPHFKDQLFDO
SURSHUWLHVDFFRUGLQJWRGLIIHUHQWFRPSDFWLRQHQHUJLHV(XURSHDQ-RXUQDORI(QYLURQPHQWDODQG&LYLO(QJLQHHULQJ9RO
>@$%RQLFHOOL0&ULVSLQR)*LXVWR]]L([SHULPHQWDOVWXG\RQWKHHIIHFWVRIILQHVDQGDGGLWLRQRQGLIIHUHQWLDOO\FRPSDFWHGSHUYLRXVFRQFUHWH
&RQVWUXFWLRQDQG%XLOGLQJ0DWHULDOV±


